We describe a case of a 45-year-old woman with progressive chronic kidney disease (CKD), macrocytic anaemia without fragments or thrombocytopaenia, and thrombotic microangiopathy on renal biopsy. 'A disintegrin and metalloprotease, with thrombospondin-1-like domains' (ADAMTS-13) deficiency was detected, and genotyping revealed single-nucleotide polymorphisms known to be associated with reduced ADAMTS-13 secretion and activity. Congenital thrombotic thrombocytopaenic purpura was diagnosed with unusual features of late presentation and absent neurological involvement. ADAMTS-13 deficiency should be considered a cause of CKD when features of thrombotic microangiopathy are present on renal biopsy.
Background
Thrombotic microangiopathies are syndromes involving microangiopathic haemolytic anaemia (MAHA) and thrombocytopaenia. Traditionally, a diagnosis of thrombotic thrombocytopaenic purpura (TTP) requires the presence of a 'pentad' of signs, including thrombocytopaenia, microangiopathic haemolytic anaemia, fever, neurological signs and renal impairment.
Recently, major advances in our understanding of the underlying pathophysiology have been made, leading to a novel classification of thrombotic microangiopathies dependent on the presence or absence of von Willebrand factor (vWF)-cleaving protease activity, or 'a disintegrin and metalloprotease, with thrombospondin-1-like domains' (ADAMTS-13). ADAMTS-13 is a plasma metalloprotease that cleaves vWF multimers soon after excretion by endothelial cells [1] . In its absence, large vWF multimers, in conditions of high shear, cause spontaneous platelet activation in the microvasculature. Levels of ADAMTS-13 are <5% of normal in 80% of patients clinically diagnosed with TTP [2] . Homozygous or double heterozygous mutations in the corresponding gene have been identified in inherited cases [3] , and acquired cases are caused by circulating antibody [2] .
Since the discovery of ADAMTS-13, an increasingly wide spectrum of associated clinical syndromes has been described [4] ; however, TTP has not been associated causally with chronic kidney disease (CKD). We describe the case of a patient with inherited ADAMTS-13 deficiency presenting in adulthood with CKD, who progressed to end-stage renal failure within 3 years, without any episodes of acute renal failure or apparent triggers for deterioration.
Case report
Investigations for anaemia in a 45-year-old woman revealed a serum creatinine of 120 μmol/L (MDRD eGFR 40 mL/min/1.73 m 2 ) and 24-h urinary protein excretion of 0.5 g with no evidence of haematuria or leucocyturia. She had a previous history of pre-eclampsia before 37 weeks complicating two pregnancies, but was normotensive with no family history of kidney disease and no exposure to nephrotoxins. A kidney biopsy showed a subacute thrombotic microangiopathy, characterized by fragmented red blood cells in a few glomerular capillary loops, and foci of mesangiolysis ( Figure 1 ). Silver-stained sections showed short segmental splits in the glomerular capillary walls ( Figure 2 ). There was focal acute tubular injury, focal tubular atrophy and focal interstitial fibrosis. No immune complex and complement deposition were seen, but staining for von Willebrand factor antigen and CD61 (platelet glycoprotein-IIIa) was positive.
D-dimers were elevated (1274 μg/L), and haemoglobin was 9 g/dL with low erythropoietin levels, but platelet count and blood film, coagulation screen, serum ferritin, autoantibody screen, immunoglobulins, antiphospholipid antibodies, C3, C4 and CD59 levels, direct antiglobulin test, and blood glucose were normal. Her anaemia resolved with epoetin-beta therapy. Her kidney function deteriorated (serum creatinine 157 μmol/L and eGFR 33 mL/min/ 1.73 m 2 ), so a second kidney biopsy was undertaken a year later which again showed subacute thrombotic microangiopathy with progressive fibrosis and tubular atrophy. A third biopsy 2 years later (serum creatinine 240 μmol/L and eGFR 20 mL/min/1.73 m 2 ) showed extensive interstitial fibrosis without microangiopathy. Three years after presenting, she commenced dialysis.
In view of the unexplained thrombotic microangiopathy, ADAMTS-13 (a disintegrin and metalloprotease with thrombospondin type 1 motif, 13) deficiency was investigated, while she was stable; she had low levels (<5%) without evidence of an inhibitor. She was homozygous for three single-nucleotide polymorphisms (SNPs)-C19T (R7W), C1342G (Q448E) and C1852G (P618A)-and heterozygous for one SNP-C2699T (A900V). Factor H levels were above normal [0.68 g/L (range 0.35-0.59 g/L)], no anti-factor H autoantibodies were detected, and no mutations were found in membrane cofactor protein (MCP), factors H or I genes.
Five years after presenting, the patient presented with massive gastrointestinal haemorrhage. She was found to have liver cirrhosis intraoperatively and on further imaging. Despite a subtotal gastrectomy and supportive care, she developed multiorgan failure and died.
Discussion
Inherited or acquired deficiency of ADAMTS-13 has been identified as the cause of most cases of TTP, with a pentad of signs including neurological manifestations, fever, MAHA, thrombocytopaenia and kidney disease. This is the first report where ADAMTS-13 deficiency has been associated with chronic thrombotic microangiopathy without characteristic non-renal manifestations.
Although mild kidney involvement occurs in 50% of acquired TTP [5] , acute kidney injury is a minor feature of inherited ADAMTS-13 deficiency classically presenting in childhood with a relapsing-remitting course sometimes requiring long-term dialysis [6] , but always associated with recurrent thrombocytopaenia, MAHA and neurological manifestations. Other unusual features of our case were late age at presentation, rapid progression of kidney failure and the absence of hypertension.
Those with inherited deficiencies of ADAMTS-13 may first present during pregnancy and are at risk of pre-eclampsia due to placental thromboses; in hindsight, our patient's pre-eclampsia may have been due to such phenomena.
Although the major site of ADAMTS-13 synthesis is the liver, ADAMTS-13 secretion has also been demonstrated in the kidney [7] . Secretion and enzyme activity of ADAMTS-13 in podocytes were impaired in two cases with mutations of the protease gene (P353L and P457L) [7] . Our patient was homozygous for three SNPs, including P618A, which affects ADAMTS-13 secretion, antigen levels and activity [8] . However, R7W and Q448E, which are associated with 64% of P618A polymorphisms [9] , have been shown to have positive modulatory effects on both ADAMTS-13 secretion and activity [8] , increasing them by almost double. Although a clear relationship between the type and effect of ADAMTS-13 genetic defects with disease manifestations remains to be established, homozygosity for all three SNPs found in this case theoretically affects~1 in 275 people; hence, additional, as yet unknown, mechanisms must be responsible for impaired local enzyme production and function within the kidney, resulting in kidney-specific manifestations of TTP.
Liver cirrhosis was identified at the same time as gastrointestinal haemorrhage prior to the patient's death and was not formally investigated. It is possible that cirrhosis was another manifestation of TTP, but unfortunately this cannot be confirmed.
In conclusion, we have described inherited ADAMTS-13 deficiency presenting in adulthood with chronic kidney disease as the only clinical manifestation. Further studies are required to assess whether ADAMTS-13 deficiency is a common cause of chronic thrombotic microangiopathy without non-renal manifestations. 
